The activity of bHLH transcription factors that are involved in cell determination and differentiation is inhibited by Ids, HLH proteins lacking the basic amino acid sequence element. In order to determine the role of Id during development, we have isolated and characterized the Id genes expressed in Xenopus embryos. Three cDNAs were characterized: XIdIa and XIdIb, which are transcribed from one gene but differentially spliced in the 3 ' untranslated part, and XIdII which is transcribed from a second copy of the gene. One of the two forms of the differentially spliced mRNAs exhibits, 30 nucleotides upstream from the AATAAA site, a sequence box homologous to the cytoplasmic polyadenylation element (CPE) which is present also in Id2 and Id3 mRNAs from higher vertebrates. This raises the question of whether this CPE-like element may link Id mRNA polyadenylation and translation to the cell cycle metabolism. The Xenopus Id gene is transcribed at low level in oocytes and at high level in embryos, after midblastula transition, in a large number of tissues, including the notochord, neural tube, eye, ear, neural crest cells, presomitic mesoderm, myotomes, tailbud and dorsal fin. In myotomes, expression is high in the areas of proliferating myoblasts and decreases as terminal differentiation proceeds, consistent with a function in cell determination and differentiation and possibly also in cell cycle regulation.
Introduction
Myogenesis is known to be activated by the four myogenic factors Myf5, MyoD, Myogenin and MRF4 (Olson and Klein, 1994) . These are basic-Helix-LoopHelix (bHLH) proteins which are capable of turning on the myogenic program by activating the transcription of specific genes. The products of these genes include transcription factors such as MEF2 and MyoD itself (Cserjesi and Olson, 1991; Thayer et al., 1989) and structural proteins such as muscle creatine kinase (Jaynes et al., 1988; Lassar et al., 1989) .
Myogenesis has been particularly well studied in amphibian embryos (for review, see and the Myf5, MyoD and MRF4 genes from Xenopus have been isolated and their expression profile determinl Corresponding author.
ed (Hopwood et al., 1991; Jennings, 1992) . The positive effects of the bHLH factors on transcription are inhibited by negative regulatory elements of the Id family (Benezra et al., 1990) . Ids are HLH proteins lacking the basic domain. They dimerize with other bHLH factors and sequester them in an inactive complex. The activation of transcription by bHLH factors during myogenic cell determination and differentiation may therefore result from a progressive change in the ratio of activators such as MyoD to inhibitors such as Id. In higher vertebrates, the four different Id genes described, Id1 (Benezra et al., 1990) , Id2 (Sun et al., 1991) , HLH462 or Id3 (Christy et al., 1991) and Id4 (Riechmann et al., 1994) are expressed in proliferating cells, inducible by a variety of agents in serum-starved fibroblasts and are down regulated during differentiation. In addition, overexpression of Id1 (Jen et al., 1992; Kreider et al., 1992) inhibits the differentiation program 0925-4773/95/$09.50 0 1995 Elsevier Science Ireland Ltd. All rights reserved SSDI 0925-4773(94)00329-L consistent with the hypothesis that determination and differentiation is the result of specific gene activation via specific transcription factors.
In mouse embryogenesis (Biggs et al., 1992; Wang et al., 1992) , Id is expressed at high levels in almost all regions of the embryo upon gastrulation and expression declines as embryogenesis proceeds. Id expression may persist in specific neurons of the adult (Duncan et al., 1992; Neuman et al., 1993) . In these particular cell types, Id is not a general inhibitor of differentiation and is not associated with cell proliferation.
In order to understand the role of Id during Xenopus development and myogenesis, we isolated and characterized the gene and then studied its expression profile. Maternal XId transcripts are detected at a low level in the oocyte. Zygotic transcription is turned on at midblastula stage and occurs in a large number of embryonic tissues, including the neural tube, eye and ear vesicles, branchial arches, notochord, presomitic mesoderm, myotomes, tail bud and dorsal fin. In an oocyte assay system, XIdI interferes with MyoD transactivation of a reporter gene driven by an E-box enhancer, consistent with a role in myogenesis. However, the widely distributed Id expression profile suggests that in Xenopus, as in higher vertebrates, this inhibitor of bHLH transcription factors is not only involved in myogenesis, but may play a more general role in the determination and differentiation of a large number of cell types.
Results

Isolation and identifiction of the Xenopus Id gene
To identify the Xenopus Id gene expressed during early development, we have screened a cDNA library prepared from stage 18-20 embryos and a genomic library. The cDNA library was screened at low stringency with a probe derived from rat Id1 cDNA (Springhorn et al., 1992 ) and the genomic library with Xenopus cDNA XIdIa (see below). Eleven different cDNA clones were isolated and analysed. The restriction pattern ( Fig. 1) and sequence (Fig. 2) analysis revealed the presence of three different transcripts. Ten of the 11 cDNAs are identical upstream of nucleotide 1097 but exhibit two different DNA sequences downstream from it, seven being of one type and three of the other. These cDNAs are likely to represent transcripts from one gene termed XIdI. Comparison with the genomic sequence reveals that the seven cDNAs, termed XIdIa, are colinear, in the 3 '-untranslated region, with the genomic sequence; whereas the three others, called XIdIb, differ downstream of nucleotide 1096 (Fig. 2B ). To determine whether these cDNA may have originated during the cloning procedure or whether they may represent differently spliced mRNAs, we have used, in a RT/PCR experiment, a sense oligonucleotide primer from the coding part and an antisense primer from the putative spliced 3'untranslated region. The finding (Fig. 6D ) of an amplified reaction product co-migrating with the 787-bp product obtained with the cDNA XId-Ib, and which is cleaved by Mb01 as expected, suggests that an alternative splicing event may indeed occur. The isolated . The divergence in this area is 7.3%. genomic clone extends approximately 3 kb downstream of this facultative splicing site and does not contain the alternatively spliced sequence. This suggests that the intron involved is larger than 3 kb. Alignment of the 5 '-part of the XIdIa cDNAs with the genomic sequence identifies a potential TATAA box located 26 bp upstream from the putative transcription initiation site suggested by the size of the isolated cDNAs. At the 3'-end, the cDNAs lack the poly-A tail, although one observes several A/T rich domains, the sequence AACTTTTTATAAAAGTT and, 30 bp downstream from it, the potential polyadenylation signal AATAAA. The cDNAs may not represent the complete mRNAs but lack only a small part, since the size of the longest cDNAs is similar to the size of the mRNAs as determined by Northern blot (Fig. 5) .
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The ATG translation initiation codon is located 201 nucleotides downstream from the presumptive transcription initiation site, in a region where the homology with higher vertebrates Id genes begins to be evident.
The Id cDNA corresponding to the second Xenopus gene, XIdII, diverges from XIdI in the coding region including the HLH domain and the C-terminus by 7-8%. This divergence (Fig. 2C ) is as expected for the duplicated genes of the 'pseudotetraploid ' species Xenopus luevis (Bisbee et al., 1977; Kniichel et al., 1986) .
Comparison (Fig. 3 ) of the mouse Id3 promoter (Christy et al., 1991) with the sequence of the XId gene reveals the presence, upstream of the suggested TATAA box, of two conserved G rich blocks, (GGCGGAGG-GGTG and GACGAGGGGGGTG) and of the sequence element GGGTGGG which represents a PuF (Postel et al., 1993) consensus binding site that is present also in the c-myc promoter. Functional studies are in progress to determine whether these conserved elements are functional in the embryo.
The Xenopus Id protein
The nucleotide sequence of XIdIa, which represents the most abundant mRNA, exhibits an open reading frame starting with an ATG located at nucleotide 201 that is preceeded at nucleotide 150 by an in-frame stop codon. The amino acid sequence of XIdIa (Fig. 4) shows a Helix-Loop-Helix region typical for the Id proteins. There is no basic domain present and helix 2 exhibits the amino acid sequence diagnostic of Id (Riechmann et al., 1994) . Additional homologies with the Ids from higher vertebrates are seen at the N-terminus and in two serinelthreonine rich domains located on both sides of the HLH domain. Outside of these areas there is more divergence suggesting either a reduced selective pressure on these domains or a specific function for the various isoforms.
The GCG computer programs Distances and Pretty Box were used to align the amino acid sequence of Xenopus and mouse Id. The homology scores of XIdI (Fig. 4) are of 0.7627, 0.7373, 0.6271 and 0.6102 with Id3, Id2, Id1 and Id4, respectively. XIdI is therefore more homologous to mouse Id3 whereas XIdII is more homologous to mouse Id2. Based on the same criteria, the homology between XIdI and XIdII has a score of 0.9091 consistent with the suggestion that they have evolved from each other by the genome duplication which occurred approximately 40-60 million years ago in ancestors of the Xenopus luevis group (Bisbee et al., 1977; Kntichel et al., 1986 ).
Id gene transcription in Xenopus embryos
The XIdI transcription pattern was determined by Northern blot analysis (Fig. 5A-C) , using total RNA extracted from embryos of various stages of development and from adult tissue, and by the more sensitive RT-PCR method (Fig. 6) .
Northern blot analysis using the entire coding region and 83-bp 3 ' untranslated sequences of XIdIa (Fig. 5B) as a probe revealed that zygotic transcription was turned on after midblastula stage and continues at a high level during embryogenesis, but declines after stage 32 (Nieuwkoop and Faber, 1967) . A lower amount is also observed in adult tissues such as liver and heart.
The transcripts have an approximate size of 1.3-1.7 kb. The hybridizing band is relatively broad and, with higher resolution blots, two bands may be observed. 
XId (Sun et al., 1991) . Id3 (Christy et al., 1991) and Id4 (Riechmann et al., 1994) . The sequences were aligned with the GCG program. Amino acids that are identical in at least four of the proteins are boxed in black. The homology scores are indicated in the lower panel. The numbers above the diagonal reflect similarities between the different Id proteins and those below represent absolute amino acid identities. The homology score with XIdII refers only to the 77 amino acids of the HLH area and are indicated with an asterisk. This is consistent with the identification of the two cDNAs XIdIa and XIdIb of approximately 1.3 kb and 1.7 kb, respectively. When a probe prepared from the 3 '-untranslated part of the cDNAIb was used (from nucleotide 640 to the 3' end), we observed an additional much stronger band corresponding to an RNA of approximately 750 nucleotides (Fig. 5C ). This band is observed with different intensities in all RNA samples, including oocyte RNA. We have not characterized this RNA and cannot yet establish whether it represents an RNA molecule originating from the XId gene or from another gene exhibiting a homologous or common sequence.
The more sensitive analysis carried out by RT-PCR (Fig. 6 ) revealed that XIdI maternal mRNA transcripts are present at a low level in fertilized eggs and cleaving embryos before midblastula transition. Zygotic transcription starts at the midblastula stage and continues throughout development (Fig. 6A) . MyoD transcription starts at stage 9-10 (Hopwood et al., 1989) whereas cardiac actin is activated at stage 13 (Mohun et al., 1984) .
Myogenesis can be induced in vitro by bFGF or Activin in explants of the animal cap. To find out whether XId transcription is regulated during myogenesis in animal cap explants, we determined XId mRNA levels in animal cap explants in the presence and absence of induction by bFGF and Activin.
The analysis (Fig. 6 ) reveals that XId mRNA is present in animal caps of stage 9, which have not been exposed to activin or bFGF, suggesting that XId transcription in the ectodermal cells is independent of mesoderm induction and consistent with the finding that transcription starts at the midblastula stage. Incubation Fig. 6 . Transcription analysis of XId during development and in animal cap explants by RWPCR and agarose gel electrophoresis. 0.5 pg of total RNA extracted from embryos of various stages of development or from four animal cap explants was reverse transcribed and the cDNA was amplified using pairs of primers specific for elongation factor la, XIdI coding sequences, XIdIb 3'untranslated sequences and Xenopw cardiac actin. In (B) and (C), the time of incubation is expressed in terms of the stage of development that is reached by untreated control embryos. The molecular weight marker is pUCl8 digested with HpaII. (A) RNA extracted from embryos of different stages of development, from 2 to 26. (B) RNA extracted from animal caps incubated in the presence of activin (I 5 @ml) added at stage 9 for different lengths of time. The stage 9 analysis represents the zero time of activin action. (C) RNA extracted from animal caps incubated in the presence of bFGF added (50 @ml) at stage 9 for different time periods. The stage 9 analysis represents the zero time of bFGF action. (D) RNA extracted from embryos of stage 22 was reverse transcribed and subsequently amplified, as described in Materials and methods, with a pair of primers specific for the 3 '-untranslated part. As a control, the cDNA XIdIb was also amplified by PCR using the same primers. The reaction product was then fractionated by electophoresis and the band of the expected size extracted and purified with the Geneclean II kit (Bio 101, Vista CA 92083). The DNA was then digested with Mb01 and analysed by agarose gel electrophoresis. I and 3: undigested DNA; 2 and 4: Mb01 digested DNA; M and M': size markers.
of the animal cap in the presence of either bFGF or Activin results in cardiac actin transcription ( Fig. 6B and  C) , whereas Id transcription is globally not reduced when comparing with explants not exposed to growth factors (not shown, see Discussion). (Mohun etal., 1988) , or a construct also containing four MyoD binding E-boxes derived from the MCK enhancer (Jaynes et al., 1988; Lassar et al., 1989) , was injected into the germinal vesicle. CAT activity was measured 12 h later.
XZd functional activity
The function of the proteins of the Id family is to negatively regulate transcriptional activation by bHLH factors. Id may dimerize (Benezra et al., 1990; Sun et al., 1991) either with ubiquitous factors such as El2 and E47 or, with lower efficiency, with specific differentiation factors such as MyoD resulting in a reduction of the amount of active transcription factor.
To find out whether the XIdI encodes a protein that is able to interact with transcriptional activation by MyoD, we used an oocyte microinjection assay.
In Xenopus, El2 is transcribed in the oocyte (Rashbass et al., 1992) whereas MyoD is activated at stage 9-10 ( Hopwood et al., 1989) as an early response to mesoderm induction.
When in vitro transcribed MyoD mRNA was injected into oocytes, transcription of a reporter gene exhibiting four E-boxes derived from the MCK enhancer sequence was significantly stimulated (Fig. 7) , suggesting that active MyoD/ElZ dimers are formed. Stimulation depends on MyoD/E-box interactions as mMyoD, which is inactivated by a point mutation in helix 2 (Hopwood and Gurdon, 1990) , was inactive. A control reporter gene, pl90CAT, which lacks the E-boxes was also inactive.
MyoD mRNA (Fig. 7) stimulation is inhibited by the same amount of Id mRNA, whereas l/10 of it is inefficient (not shown). A control mRNA such as &gal mRNA also had no effect on MyoD activity. A dose dependence however can not be measured on the basis of these experiments, since transcriptional activation by MyoD and inhibition by Id is dependent also on the endogenous El2 whose concentration cannot be measured directly.
The experiment demonstrates that the isolated XIdI is able, like the counterparts from higher vertebrates, to interact with bHLH proteins and interfere with their transcriptional activity.
Localization of XZd transcripts
To more fully understand the function of Id during Xenopus embryogenesis and morphogenesis, we examined the distribution of XId transcripts in Xenopus embryos at the neurula and tailbud stage by in situ hybridization (Fig. 8) . We used a XIdIa antisense probe, representing the entire coding region plus 83 nucleotides from the 3'untranslated part. As a control, a sense probe from the coding region was used.
At the neurula stage (Fig. 8A) , the probe hybridized to the neural tube, notochord and presomitic mesoderm. The labeling of the neural tube is not homogeneous, the dorsal part being more labeled than the ventral one.
In sections prepared from embryos of the tailbud stage ( Fig. 8B-F) , Id transcripts are seen in various tissues including the brain, eye and ear vesicles, branchial arches, notochord, myotomes, dorsal tin and tailbud. In the myotomes (Fig. 8D and F) , the cells located ventrally and dorsally are more labeled than those located centrally. This is particularly evident in the tail region shown in panel F. Similarly the caudal myotomes ( Fig.  8C and F) are usually more labeled than the rostra1 ones. Similar observations were made in whole mount hybridization experiments using albino Xenopus embryos (not shown).
These data show that the Id gene is transcribed in a large number of embryonic tissues similar to what has been observed in higher vertebrates (Wang et al., 1992) . The finding of Id transcripts in myotomes is more surprising since it is generally believed that Id expression is down regulated during differentiation. In this respect, it may be relevant that Id is mostly transcribed in areas (i.e., ventrally or caudally) where the myoblasts are not yet fully differentiated.
These data indicate that during Xenopus embryogenesis the inactivation of the Id gene in differentiating cells may be less rapid than in higher vertebrates, and that Id is transiently co-expressed with genes such as the cardiac actin (data not shown) that are characteristic of terminally differentiated cells.
Discussion
Inhibitors of cell determination and differentiation such as Id may play an important role in development. The Id genes are active in proliferating cells and originally were thought to represent early response genes. They display rapid transient induction of expression in response to mitogens or differentiation inducing stimuli (Murphy and Norton, 1990; Christy et al., 1991; Deed et al., 1993; Hara et al., 1994) and inhibit tran- scription factors involved in tissue specific gene activation. To determine whether XId may play a role as a negative regulator of cell determination and differentiation, we have studied its expression profile during Xenopus embryogenesis.
In Xenopus, zygotic Id transcription is activated very early during development, before mesoderm induction, and transcripts are found in uninduced epidermal cells of the animal cap. Transcription continues at high levels in differentiating tissues derived from the ectoderm, such as brain and neural crest cells, or from the mesoderm, such as the myotomes.
Since Id may inhibit or retard transcriptional activity of tissue specific differentiation factors of the bHLH family, its transcription is expected to be down regulated in differentiating cells where bHLH factors induce differentiation.
The presence of Id transcripts in the region of myotomes that do not exhibit the terminally differentiated morphology and the absence in the elongated myocytes of the fibers is consistent with this model. Our experiments do not address the question of whether the function of Id is merely maintaining the bHLH transcription factors involved in cell determination and differentiation in an inactive form, or whether it is also involved in maintaining the proliferative state of the cells. This could be studied by transiently overexpressing Id during embryogenesis. One would predict that overexpression in myoblasts and myocytes may, in the first case, retard or inhibit muscle formation and, in the second case, cause an amplification of the muscle compartment.
In animal cap explants induced by activin, we did not observe a reduction of Id trancription; however, in this case, we cannot exclude that transcription is limited only to a subset of cells of the explant which continue to proliferate, and/or to cells such as the neuroblasts which express high levels of Id. It is also possible that in these cells, Id activity is regulated post-transcriptionally by mRNA inactivation or post-translationally by protein modification.
Of possible significance is our identification of two mRNA species differing in their 3 '-untranslated region. The 3 '-untranslated sequence of these mRNAs could play a functional role in various cellular regulatory mechanisms, including mRNA localization and stability (Richter, 1991; Kozak, 1992; Wickens and Takayama, 1994) . A functional role of the 3'untranslated part of XIdIa mRNA is suggested by the finding, 30 bp upstream from the polyadenylation signal, of the palindromic sequence AACUUUUUAUAAAAGUU. The core of this sequence is homologous to the cytoplasmic polyadenylation element CPE (McGrew and Richter, 1990) which drives, at meiosis, polyadenylation and activation of maternal mRNAs during Xenopus oocyte maturation. Interestingly, Id2 mRNA from mouse (Sun et al., 1991) and Id3 mRNA from mouse or human (Christy et al., 1991; Deed et al., 1993) also exhibit this CPE homologous sequence element. In Id3, it is located approximately 30 nucleotides upstream from the polyadenylation signal and in Id2 it is more distant from the 3 '-end but approximately 30 bp upstream from an internal 'cryptic' AATAAA. A functional role in Xenopus oocytes of the CPE-like element is questionable, due to the low expression level. Nonetheless, based on the analogy of mRNA activation during Xenopus meiosis and on the observation that the CPElike element is conserved in Id2 and Id3 from mammals, one may speculate that it could be functional elsewhere, for example, during the mitotic cycle. Since the activation via the CPE (McGrew and Richter, 1990 ) is cyclin dependent, one may ask the question of whether polyadenylation and translation of Id mRNAs harbouring a CPE-like element is also cyclin dependent. Comparison of the expression profile of chimeric genes exhibiting the different 3 '-untranslated sequences of XIdIa and XIdIb in Xenopus oocytes and embryos may bring new data which can help to answer this question.
The comparison of the mouse Id3 promoter with the presumptive XId promoter reveals the presence of conserved elements which may be functionally relevant. One of the sites which deserves particular attention is the PuF binding sequence GGGTGGG which has been reported to play a functional role in the activation of cmyc (Postel et al., 1993) , another well known early response gene transcribed in proliferating cells (Spencer and Groudine, 1990) .
The functional analysis of the XId promoter could reveal new information on the question of whether Id inactivation during terminal differentiation is caused by a reduction of transcriptional activators or by the appearance of transcriptional inhibitors. The Xenopus system may be particularly useful in studying these questions.
XId is expressed in somites and in a variety of other tissues such as the notochord, eye vesicles, branchial arches (neural crest cells) and nerve cells. Whereas its expression in myotomes is consistent with its role as an inhibitor of the myogenic bHLH transcription factors, it is not known which transcription factors may be negatively regulated by Id in the other tissues. It is possible that XId regulates the activity of various other members of the bHLH family of determination and differentiation factors present in these cell types, such as the achaete-scute homolog 3 (Turner and Weintraub, 1994) which is expressed in the central nervous system.
The XId proteins show homology with their counterparts from higher vertebrates, Id3 being the most homologous to XIdI and Id2 being more homologous to XIdII. This may suggest that the common ancestor of the two genes may be of the Id3 or of the Id2 type. It would be interesting to find out whether the various isoforms present in higher vertebrates evolved from each other before or after the phylogenetic separation of amphibia from reptiles and birds.
Material ad methods
Oocytes and embryos
Xenopus laevis oocytes and embryos were prepared for microinjection according to the method of Gurdon (Gurdon and Wakefield, 1986) and as described by Modak et al., 1993 . Animal cap assays were performed as described (Dawid, 1991) . Briefly animal explants were dissected from blastula (stage 8-9) and cultured in NAM containing 100 &ml BSA in presence or absence of activin A (15ng/ml) or bFGF (50 ngml), using agarose-coated dishes. Human recombinant activin A was kindly provided by Yuzuru Eto (Ajinomoto Co., Inc) and human bFGF was purchased from Promega. 4.3 . In vitro RNA synthesis The Xenopus Id cDNA was isolated from a Xgtl 1 cDNA library using as a probe rat Id1 which was a gift from Springhorn (Springhorn et al., 1992 ). The cDNA library had been prepared in our laboratory using RNA extracted from embryos of stage 18-20 and a commercially available RNA purification and cDNA synthesis kits (Pharmacia).
Capped MyoD mRNA, mMyoD mRNA and Bgal mRNA were synthesized using Sp6 RNA polymerase as described (Yisraeli and Melton, 1989) . The RNA was resuspended in distilled water and quantified, after electrophoresis in agarose/ethidium bromide gels, by comparison with known quantities of RNA.
The genomic sequence was isolated from a Charon 24 library prepared in our laboratory (Stutz and Spohr, 1987) using the previously isolated Xenopus cDNA as a probe. Subcloning and sequencing was done according to standard procedures (Sambrook et al., 1989) . The Sanger sequencing method was used.
Microinjection
DNA and protein sequence comparison and alignment were carried out with the programs Distances and PrettyBox (Rick Westerman) from the Genetic Computer Group (Program manual for GCG package, version 7; 575 Science Drive, Madison, Wisconsin USA 53711)
The pSP64T-Id plasmid was obtained by inserting the 560-bp EcoRI fragment extending from +17 to +577 of XId-Ia and containing the entire protein encoding sequence into pSP64T (Krieg and Melton, 1984) . The pSP64T-myoD and pSP64 T-mMyoD (originally termed pSP64T-XMyoDl14P) were kind gifts from N. Hopwood (Hopwood and Gurdon, 1990 ) and the pSP6nuc Pgal was donated by R. Harland (Smith and Harland, 1991) .
5 ng of in-vitro-synthesized RNA (MyoD, mMyoD, XId and figal), in 5-10 nl of water, were microinjected into the cytoplasm of stage 5-6 oocytes. After 12 h incubation at 23°C 10 nl of a solution containing 0.1 pg/pl circular reporter gene and 0.03 rg/rl circular pVZ plasmid were injected into the germinal vesicle (Etkin and Maxson, 1980; Gurdon and Wakefield, 1986; Modak et al., 1993) . The oocytes were then incubated for another 12 h, washed and sonicated in ice cold 0.25 M Tris (pH 7.6). CAT activity was determined by the nonchromatographic assay as described (Sleigh, 1986) . To obtain a standard deviation, for every point, three or more batches of lo-20 oocytes were collected.
RNA extraction
To construct the CAT reporter genes, the plasmid pBLCAT3(T) (Principaud and Spohr, 1991) derived from pBLCAT3 was used. pCAT-190 was obtained by inserting the Xenopus (r3 actin (Mohun et al., 1988) promoter sequences (from -190 to +31) into the Bg/II site of pBLCAT3(T), and pMCK-CAT was obtained by inserting into the BarnHI site of pCAT-190, just upstream from the actin promoter, a tetramer of the sequence 5'-GATCCCCCCAACACCTCTGCCTGAGATC -3' which is derived from the right MyoD binding site of the MCK enhancer (Jaynes et al., 1988 , Lassar, 1989 . RNA was extracted as described previously (Modak et al., 1993) . Small scale RNA preparation for RT/PCR analysis was slightly modified. Briefly, a batch of four embryos or animal cap explants was washed in 0.15 M NaCl and lysed by vortexing in 100 ~1 of SDS-proteinase K buffer (0.1% proteinase K, 0.3 M NaCl, 2% SDS, 10 mM EDTA and 0.1 M Tris pH 7.6), incubated for 30 min at room temperature, extracted twice with phenol/chloroform and once with chloroform and precipitated with 300 ~1 of ethanol. The pellet was resuspended, digested with 130~ of DNAse, RNAse free (GibcolBRL), reextracted as before and precipitated with ethanol.
Northern blot analysis
For Northern blot analysis, usually 15-20 clg of total RNA were denatured and fractionated by electrophoresis in 1.25% agarole/formaldehyde gels, transferred overnight to nitrocellulose by capillarity, prehybridized and hybridized in 50% formamide for 20 h at 42°C (Sambrook et al., 1989) . Probes were labeled by nicktranslation.
R T/PCR
The amount of RNA representing two embryos or four animal cap explants was reverse transcribed with 200~ reverse transcriptase (MMLV, Gibco/BRL) in a volume of 20 ~1 containing 15 pmol pd(N)6 random primer (Pharmacia), 15 pmol oligo-pd(T) 12-18, 1mM d.NTPs, 50 mM KCl, 1.5 mM MgC12, 0.1% Triton X-100, 0.2 mg/ml gelatin and 10 mM Tris/HCl (pH 9.0). The mixture was incubated for 10 min at room temperature and 15 min at 42°C. The reaction was stopped by heating for 5 min at 100°C and chilled for 5 min in ice. The PCR was carried out in a final voiume of 50 ~1 containing the 20 ~1 RT product, 1 ~1 10 mM dNTPs, 50-100 pMo1 of each pair of primers, 2.5 u Taq DNA polymerase (Appligene), 50 mM KCl, 1.5 mM MgC12, 0.1% Triton X-100, 0.2 mg/ml gelatin and 10 mM TrislHCl (pH 9.0). The optimal temperature conditions and number of cycles were determined experimentally. Usually amplification was carried out for 30 cycles at 94°C (1 min), 55°C (1 min) and 72°C (5 min). After amplification, an aliquot of 5 ~1 was analysed by electrophoresis in a 1.5% agarose/ethidium bromide gel and the DNA was visualized with W light. For quantification, the pictures were scanned and the intensity of the bands measured using the Deskscan software from Macintosh-Apple.
